V
isWeek is one of the best places to see leading visualization and data analysis work and interact with "vis people." In 2009, VisWeek was held in October in Atlantic City and attracted over 800 people to its three main conferences: IEEE Visualization (VIS), IEEE Information Visualization (InfoVIS), and Visual Analytics Science and Technology (VAST). VisWeek 2009 also included workshops, tutorials, panels, and a doctoral colloquium. It was truly an exciting week that highlighted some of the leading visualization research.
VisWeek has its roots in the IEEE Visualization Conference that started in 1990 (Arie Kaufman edited the first proceedings). One of the impetuses for creating the conference was the influential 1987 US National Science Foundation report on scientific visualization, which defined the field to focus on "data understanding by visual representation or other visual means." Obviously, visualization itself is hundreds of years old. What separates the old from the new is the availability of advanced computing capabilitiesincluding modern computer graphics techniques-which form the backbone of modern visualization research.
Interest in information visualization was also quite obvious from the beginning, and this area grew so fast that it quickly evolved into its own conference. VAST is a more recent addition, but it has gained substantial support from academia, government, and industry.
To give readers a sense of what transpired at VisWeek 2009, Joel Tohline and I (Claudio Silva), asked three leading scholars to write a "blog style" report here about the three main conferences. In the following, David Ebert, a professor at Purdue University, covers VAST; Hanspeter Pfister, a professor at Harvard University, writes about VIS 2009; and Sheelagh Carpendale, a professor at University of Calgary, reports on InfoVIS 2009. But first, my own view of the overall VisWeek experience.
VisWeek Overview
As the sidebar, "IEEE VGTC: The Organizing Force" describes, the IEEE Visualization and Graphics Technical Committee (www.vgtc.org) organizes VisWeek, which includes many excellent workshops and tutorials on various topics. Researchers can propose workshops in any area, and this year's sessions offered an excellent venue for exploring current and upcoming hot topics.
On Sunday, Robert Kosara, Nathan Yau, and Andrew Vande Moere organized the "Putting Visualizations on the Web" workshop, which included an introduction to the topic, eight position paper presentations, and an open discussion on select topics. Among the topics covered were how to make visualization on the Web • doable, get different visualizations to talk to • each other, obtain access to more interesting • (public) data, and ensure wikis and visualization can • work together.
The session also discussed the importance of interaction verses just showing images on the Web. Another event on Sunday was the "Forum on Geometric Aspects of Machine Learning and Visual Analytics," organized by Vladimir Koltchinskii, Mauro Maggioni, Haesun Park, and Amitabh Varshney. This session brought together researchers from visualization, mathematics, statistics, scientific computing, and related areas to discuss recent developments and future challenges in understanding the rather subtle geometric structures involved in complex high-dimensional datasets common in several real-world applications (see http://fodava.gatech. edu/node/30). On Monday, Hamish Carr and colleagues organized the "Revise: Refactoring Visualization from Experience" workshop, which aimed to use experiences with existing visualization tools and approaches as a way to improve future tools and techniques (see http://revise.cs.wright. edu).
There were also many tutorials, some of which covered particular target areas. For example, Gunther Weber and colleagues organized a tutorial on "Scalar Topology in Visual Data Analysis" that explored the use of topological techniques-such as Morse-Smale complex, Reeb graphs, and contour VisWeek's three conferences offered ample opportunity to meet like-minded people and learn about cutting-edge research in the visualization and data analysis fields. Having participated in 16 out of 20 VisWeek events, I've seen it evolve from a relatively small almost niche venue into a major event. At this point, VisWeek offers something for everyone interested in visualization-from the small workshops that change annually and quickly respond to changing interests in the community, to the tutorials that cater to everyone from beginning to expert visualization users and researchers. And, obviously, all three VisWeek conferences are highly competitive venues with low acceptance rates. VAST has its own proceedings; VIS and InfoVIS are now published as a special issue of the prestigious IEEE Transactions on Visualization and Computer Graphics.
VAST Continues to Grow and Expand
VAST had record attendance this year and a record number of paper submissions and challenge entries. The excitement, advances, and influx of new people and communities was great to see. Most of the VAST sessions were presented to packed rooms of attendees and, during Andrew Glassner's keynote, organizers had to add several rows of chairs to accommodate all the people standing in the back of the room. Glassner-who is a writer-director and a consultant in story structure, interactive fiction, and computer graphics-provided a provocative, outside-the-community perspective on how to apply storytelling principals to help communicate more effectively in visual analytic environments.
In the VAST paper sessions, the range of topics continues to grow. There were sessions on spatiotemporal visual analytics, with applications in key areas such as hurricane trends; multidimensional, multivariate, and high-dimensional visual analytic techniques; uncertainty visual analytics; text visual analytic systems; the analytical process and the role of visual analytics within it; biological and financial analytical systems; graph analytics; and patent visual analytics. This year's best paper-"Iterative Integration of Visual Insights during Patent Search and Analysis," by Steffen Koch, Harald Bosch, Mark Giereth, and Thomas Ertl from the University of Stuttgart-was highlighted in a special session, with comments from reviewers and the Best
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By Amitabh Varshney and Lisa Avila t he IEEE Visualization and Graphics technical Committee (www.vgtc.org) comprises a vibrant community of visual computing researchers, practitioners, and enthusiasts. our technical committee fosters interactions and provides cutting-edge educational opportunities for its members in many ways. VGtC provides technical leadership and organization for technical activities in visualization, computer graphics, virtual and augmented reality, and interaction. our scope includes organizing VisWeek and nearly a dozen other conferences and symposia worldwide, as well as overseeing our flagship journal, IEEE Transactions on Visualization and Graphics, and our premiere magazine, IEEE Computer Graphics and Applications.
We've also undertaken a bold strategy to facilitate an online communities initiative. With parallel tracks, you'll often find that you have to choose between perhaps two or three interesting presentations that are all occurring simultaneously. once the conference is over, you are left with only the material in the proceedings and have lost the opportunity to see the author present his or her own work. With the creation of the online technical community Web site, VGtC is providing conference attendees with the ability to view presentations they may have missed. Currently, VGtC is recording the audio and projected video for many of the presentation sessions that occur at VGtC-sponsored conferences (including VisWeek), storing these in the Interactive Archives at vgtc.org. In the future, VGtC plans to expand the online community to include discussion blogs so all those great conversations that started during the conference can continue past the end of the week.
We're at the early stages of a tremendous revolution in the use of visual computing tools and techniques to enhance our understanding of large-scale data and its interrelation-ships in a wide variety of applications in science, medicine, engineering, and commerce. If you'd like to play a pivotal role in coupling the spectacular advances in visual computing with the most compelling challenges of the scientific enterprise, join our technical committee at www.vgtc.org.
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Paper Committee on why the paper was selected. As the presentation described, Koch and colleagues developed a visual analytic tool based on the workflow of end-users-people performing patent searches and analyzing their results-and stressed both the iterative search and analytical process that users perform. The system not only lets users visually develop their search and analysis queries and techniques, but also recombine previous components and results as they iteratively work through their tasks. Also, the system isn't restricted only to patent databases, as the University of Stuttgart group showed when they applied it successfully in the VAST Challenge and earned awards in several categories.
Submissions to the VAST Challenge from around the world continue to increase and the results were extremely impressive. This is a great source of data for benchmarking for our community, as well as a fun competition where groups can apply their visual analytic components to a new problem set with realistic data each year. The evolution to a series of mini challenges lets specialized groupssuch as those in video or graph analytics-compete in their target areas rather than having to complete a solution to the entire dataset.
The VAST Capstone panel, "How Interactive Visualization Can Assist Investigative Analysis: Views and Perspectives from Domain Experts," was a great way to end the symposium. Domain experts discussed their views and experiences in a lively session that the audience greatly enjoyed. I heard many comments about this panel throughout the rest of the week. This interaction of end users-tasked with making decisions on the basis of massive amounts of information-and researchers developing new techniques and tools to help them do this is what keeps VAST fresh, exciting, and moving forward. The techniques and systems that emerge from this process will help solve major problems and lead to new innovations in science, engineering, and society at large.
VIS Celebrates and Evolves
This was the 20th VIS conference, and the organizers marked the occasion in style. At a sit-down banquet on Wednesday evening, we were treated to good food, good company, and a memorable "Late Night with Chuck" stage show moderated by the inimitable Chuck Hansen from the University of Utah. After an opening salvo with uncharacteristically familyfriendly jokes, Hansen invited Robert Moorhead to the stage for an interview with conference cofounders Arie Kaufman and Larry Rosenblum. We learned that the first VIS conference was planned for 1989 and then pushed back to 1990. That was fortunate, because the event would have otherwise taken place in San Francisco around the time of the big 1989 earthquake. VIS conferences since then didn't entirely escape glitches, as Hansen and Moorhead made clear in their "Top 10 Memorable Vis Moments" list. Then Klaus Mueller, VisWeek's general chair, introduced the "VIS Fashion Show," in which student volunteers strutted conference T-shirts from the past decades down the runway. For many in the audience, this was a nice trip down memory lane.
Despite its age, the conference continues to evolve and innovate. The biggest change this year was scheduling the VIS technical program in parallel with InfoVis. This made it quite a challenge to pick which sessions to attend, or-as a friend of mine put it-it really felt invigorating to have so many great choices at any given point in time. Also, the Papers FastForward showcased papers from both events, which made for a long session (can somebody please get more comfortable chairs next year?) but gave the audience a glimpse of the variety and breadth of this year's VIS and InfoVis research. Further evidence of this was found in the colocated posters in the hotel lobby, which showcased some of the cutting-edge research in both fields. VIS and InfoVis also shared keynote presentations by perception researcher Colin Ware and by acclaimed Broadway lighting designer Brian MacDevitt. My own informal poll among friends revealed that these stronger programmatic ties between the two conferences are welcomed.
As VIS papers cochair-with Torsten Moeller and Kwan-Liu Ma-I was privileged to get a first-hand look at this year's paper submissions. Seeing the amount of work that collectively goes into the VIS papers is truly humbling, and all of the authors should be applauded for the high quality of their efforts. We introduced several changes this year, including categories such as systems, design, and evaluation papers, a new research taxonomy, and ethics guidelines. We also added an extended online discussion phase among all reviewers, who told us that Submissions to the VAST challenge continue to increase and the results were extremely impressive.
it led to better and more informed decisions. From the 202 submissions, the committee accepted 54 papers and fast-tracked 10 to IEEE Transactions on Visualization and Computer Graphics. Interested readers can find more statistics, including acceptance rates per paper category, in a presentation that we put together during the 2009 Visualization Symposium in Dagstuhl, Germany (see www.dagstuhl. de/Materials/Files/09/09251/09251. PfisterHanspeter.Slides.pdf).
The awards committee selected the best paper and honorable mentions prior to the conference so as to publicize them more widely. The VIS best paper award went to "DepthDependent Halos: Illustrative Rendering of Dense Line Data," by Maarten Everts, Henk Bekker, Jos Roerdink, and Tobias Isenberg from the University of Groningen, the Netherlands. The paper presents a simple illustrative rendering technique for line data with GPU acceleration and includes many example applications demonstrating its effectiveness. The fast-forward video illustrates this very compellingly using a bowl of black spaghetti (www.cs.rug. nl/~isenberg/ VideosA ndDemos/ Everts2009DDH VIS also included panels on topics ranging from "Challenges in Large Data Visualization" (organized by Jim Ahrens) to "The Impact of Future Hardware on Visualization" (organized by me), and this year's best-panel winner "New Faculty Members and Postdoctoral Fellows Spill the Beans" (organized by Alark Joshi). This year also resurrected the ever-popular evening session "Vislies: How (Not!) to Lie and Confuse with Visualization" by Georges Grinstein and Bernice Rogowitz. I applaud the brave researchers who dared to tell their cautionary tales of misleading color maps and cluttered network diagrams.
The whole week was exciting and exhilarating, with a noticeable buzz in the air. Maybe this was due to the programmatic changes, the high-quality content, or the record attendance. Or maybe we all recognize that-despite the 20-plus year history-we're still at the very beginning of our field, and the best is yet to come.
InfoVis Reflects Community Vitality
InfoVis 2009 was the 15th annual InfoVis meeting and our third year as the IEEE Information Visualization Conference. The conference received a record number of paper submissionsup 33 percent from last year-which reflects the InfoVis research community's interest, energy, and vitality. As is information visualization practice, the community continues to draw upon the intellectual history of several traditions, including computer graphics, human-computer interaction, cognitive psychology, semiotics, graphic design, statistical graphics, cartography, and art.
The Vis/InfoVis keynote was by Colin Ware, an experienced visualization researcher and author of Information Visualization: Perception for Design (Morgan Kaufmann, 2nd ed., 2004) and the more recent Visual Thinking (Morgan Kaufmann, 2008) . Ware began his talk by noting that there's a practical gap between more theoretical models, such as John Anderson's adaptive control of thought-rational (ACT-R), which seeks to define a set of cognitive operations that are necessary to enable thinking, and more design-oriented "implicit wisdom" models, such as Ben Shneiderman's visual information-seeking mantra. In response, Ware suggested several heuristics such as turning time into spatial patterns and providing additional visual support when you need to compare more than two or three simple visual patterns. This more theoretical starting point was illustrated with his own practical research on the visualization of whales' underwater behavior. Ware showed several visualization techniques that revealed whale underwater movements and can be used for analyzing whale social behavior. Perhaps the take home message is to work toward closing the gap between perceptual/ cognitive rules and the more practical design practices.
This year, InfoVis awarded two best paper prizes. In "ABySS-Explorer: Visualizing Genome Sequence Assemblies," Cydney Nielsen, Shaun Jackman, Inanç Birol, and Steven Jones describe how squiggles can be used to reveal genome sequencing structure (see Figure 1) . Their approach Figure 1 . An ABySS-Explorer visualization. these reconstructions of true chromosome sequences are assembled from the short subsequences produced by current sequencing technologies and require extensive manual editing. the interactive graph representation provides analysts with information about sequence length, annotation, and connectivity, revealing the global structure of an assembly while making ambiguities easy to recognize.
emphasizes the global assembly structure, while also providing salient data features such as sequence length.
In the other best paper, "Mapping Text with Phrase Nets," Frank van Ham, Martin Wattenberg, and Fernanda Viégas use phrase nets to create graphs that generate visual overviews of unstructured text. These phrase nets can, for example, show ancestry in biblical stories or how 18th and 19th century novels frequently associate brides with sailors, pirates, and bandits, while pairing wives with merchants and bankers (see Figure 2) .
The conference also featured several other papers that received honorable mention awards. For example, in "MizBee: A Multiscale Synteny Browser," Miriah Meyer, Tamara Munzner, and Hanspeter Pfister describe a system that lets biologists explore many kinds of conserved synteny relationships with linked views at the genome, chromosome, and block levels (see Figure 3 ). Their Figure 2 . A phrase net for the words "bride" and "wife" in 18th and 19th century novels. As the net shows, brides were often associated with sailors, pirates, and bandits, while wives were more frequently paired with bankers and merchants. Figure 4 ). This paper shows how two well-known InfoVis techniques-scatter plots and parallel coordinates-can be united to provide new ways of exploring data.
These are just a few of the many memorable papers; the InfoVis paper sessions covered numerous other topics, including bioinformatics visualization, collaborative visualization, geospatial and temporal visualization, and text visualization, along with more traditional graph and multidimensional data visualization. There were also papers on the theories and models behind visualization practice and the systems and toolkits needed to create information visualizations. 
